Researchers and the general public have become increasingly intrigued by the roles that systematic tendencies toward thinking, feeling, and behaving might play in academic achievement. Some measures of constructs belonging to this group have been well studied in genetics and psychometrics, while much less is known about measures of other such constructs. The current study focuses on 7 character traits prominently featured in influential intervention-oriented and/or socialization theories of academic achievement: grit, intellectual curiosity, intellectual self-concept, mastery orientation, educational value, intelligence mindset, and test motivation. In a population-based sample of 811 school-aged twins and triplets from the Texas Twin Project, we tested (a) how each measure relates to indices of the Big Five personality traits, (b) how the measures relate to one another, (c) the extent to which each measure is associated with genetic and environmental influences and whether such influences operate through common dimensions of individual differences, and (d) the extent to which genetic and environmental factors mediate the relations between fluid intelligence, character measures, verbal knowledge, and academic achievement. We find moderate relations among the measures that can be captured by a highly heritable common dimension representing a mixture of Openness and Conscientiousness. Moreover, genetically influenced variance in the character measures is associated with multiple measures of verbal knowledge and academic achievement, even after controlling for fluid intelligence. In contrast, environmentally influenced variance in character is largely unrelated to knowledge and achievement outcomes. We propose that character measures popularly used in education may be best conceptualized as indexing facets of personality that are of particular relevance to academic achievement.
Features of character, such as those mentioned by President Theodore Roosevelt in the preceding quote, have long been considered core determinants of academic, economic, and general life achievement. Particularly in recent years, the concept of character has captured the attention of the general public and of scientists alike.
1 Putative measures of character have proliferated, as have the terms used to refer to this increasingly motley assortment of constructs. Measures of character range widely and include indices of effort and intellectual curiosity; self-concept, attitudes toward education, and beliefs in the malleability of intelligence; as well as empathy and emotional intelligence. Researchers have at once referred to this assortment as encompassing character, noncognitive skills, soft skills, and motivational factors. Many of these terms have been criticized as problematic, if not misnomers altogether. For instance, the term "noncognitive," which is used to refer to determinants of life success other than "cognitive ability" and "intelligence," is not only defined by what is not-rendering it potentially overly broad-but is often used to refer to tendencies toward thinking about and interpreting the world that clearly involve cognitive processing (Duckworth, 2009) . At the same time, it seems that some researchers prefer these more ambiguous terms to established terms such as personality, traits, and abilities, perhaps so as to avoid implying that the constructs under investigation might be fixed, genetically influenced, or even stable over time. For the purposes of the current report, we use the term character to refer to these behavioral tendencies, not because we view them as conceptually different from personality, but rather to demark their prominence, if not origins, in areas of psychology outside of mainstream personality psychology. We focus specifically on measures of character that have featured prominently in either socially-oriented or intervention-oriented theories of childhood academic achievement (e.g., Dweck, 2006; Meece, Anderman, & Anderman, 2006; Wigfield & Eccles, 2000) . These include grit, intellectual curiosity, intellectual self-concept, desire to learn, test motivation, and having positive attitudes toward education. In a genetically sensitive twin design, we investigate how these character measures relate to measures of the Big Five personality traits, to one another, to fluid intelligence, and to academic achievement.
From an empirically informed vantage point, a focus on character is justified by the fact that although cognitive abilities reliably account for substantial portions of variation in academic achievement and occupational success, they do not account for all the variation, leaving room for factors other than cognitive ability to account for additional variation. Indeed, the discovery and validation of new measures of character that are predictive of academic success could lead to richer and more accurate models of development, as well as benefits for society. For instance, wellvalidated character measures could be used to identify children in greatest need of interventions to prevent low academic achievement, and character traits could themselves be the targets of educational interventions to boost academic achievement. As Duckworth (2009) has written, . . . recent meta-analyses (e.g., Kuncel & Hezlett, 2007) should lay to rest any doubt over whether high-stakes standardized tests predict important academic and professional outcomes-they do. The challenge now is to identify noncognitive individual differences that determine the same outcomes.
However, in clear conflict with the empirical evidence, character frequently seems to be referenced as a counterpoint to cognitive ability, with some individuals even calling for the wholesale replacement of performance-based tests of ability and aptitude with measures of character. For instance a recent essay in the highly respected journal Nature advocated that graduate programs "diminish reliance on GRE and instead augment current admissions practices with proven markers of achievement, such as grit and diligence" (Miller & Stassun, 2014) .
2 This statement conflicts with the consistently strong evidence for the validity of performancebased tests while at the same time promoting a possibly overly optimistic perspective that measures of grit and diligence are "proven" predictors of achievement.
Other statements about character have amounted to little more than speculation. For instance, in a seminal paper on the topic, Heckman and Rubinstein (2001) wrote: . . . the literature on cognitive tests ascertains that one dominant factor ('g') summarizes cognitive tests and their effects on outcomes. No single factor has yet emerged to date in the literature on noncognitive skills, and it is unlikely that one will ever be found.
Of course, under definitions of "noncognitive skills" that include every aspect of the individual other than cognitive ability, this speculation is virtually guaranteed to be true. Nevertheless, Heckman and Rubinstein's quote highlights an issue that has persisted for the 15 years since their article was published: There has been very little factor analytic work on how different character measures, particularly those used in educational contexts, interrelate. For instance, how does mastery achievement goal orientation (i.e., the desire to learn for the purpose of understanding the material and improving one's skills) or intelligence mindset (i.e., the belief that people are capable of increasing their skills with hard work) relate to grit (i.e., effortful persistence over long periods of time)? Some researchers (e.g., Wigfield & Eccles, 2000) have proposed and tested cascade models in which one set of character traits leads to others, but we are not aware of research that has comprehensively estimated interrelations among a broad set of educationally relevant character measures, or used factor analysis to test whether a broad dimension (or dimensions) underlies such interrelations. The structure of covariation among different character measures is particularly important for basic questions of convergent and discriminant validity (Campbell & Fiske, 1959; Cronbach & Meehl, 1955) . Should a broad character dimension be identified, it could potentially provide a parsimonious account of the interrelations among many specific character measures and their associations with academic achievement. Indeed, by capitalizing on information from many different character measures, such a dimension could prove to have greater reliability and criterion validity than would any one measure by itself.
A second example of public conjecture outpacing empirical science concerns the extent of genetic influence on character. For instance, in a 2013 Washington Post interview (Tam, 2013) alluding to the well-known tendency for psychological traits to be heritable (Turkheimer, 2000) , Angela Duckworth, the originator of the grit scale, commented, "There haven't been genetic studies on grit but we often think that challenge is inherited but grit is learned. That's not what science says. Science says grit comes from both nature and nurture." In seeming contradiction, Tough (2012, p. 196) has written, "character strengths that matter so much to young people's success are not innate; they don't appear to us magically, as a result of good luck or good genes." This presumption that genetic differences are irrelevant for character perhaps reflects the view that such factors are counterpoints to cognitive abilities, for which genetic influences are established to the point of infamy. Notwithstanding such presumptions, there have indeed been behavioral genetic studies on many commonly studied character traits. In particular, intellectual interest, intellectual self-concept, and achievement motivation have been examined in some notable behavioral genetic studies (Greven, Harlaar, Kovas, ChamorroPremuzic, and Plomin, 2009; Kovas et al., 2015; Tucker-Drob & Harden 2012a; Tucker-Drob & Harden, 2012b) , all of which have reported moderate heritability estimates. For many other character traits, such as grit, attitudes toward education, achievement goal orientation, and intelligence mindsets, there indeed has been very little genetically informed work to speak of.
There has, however, been extensive work establishing both genetic and environmental influences on individual differences in the Big Five personality traits and their facets (Briley & TuckerDrob, 2014; Loehlin, 1992) , which may serve as partial bases for variation in character traits commonly studied in educational contexts. Indeed, relations between psychometric measures of personality (i.e., the Big Five) and many character measures are well studied. For example, intellectual engagement and self-perceived intelligence are two core features of Openness/Intellect (DeYoung, 2014) ; intellectual curiosity has been strongly linked with Openness and moderately linked with Conscientiousness (von Stumm, Hell, & Chamorro-Premuzic, 2011) ; and grit has been found to have strong relations with, and is sometimes considered a facet of, Conscientiousness (Roberts, Lejuez, Krueger, Richards, & Hill, 2014) . However, for many other character measures, such as mastery orientation, attitudes toward education, and mindsets, relations with the Big Five are largely unknown. This is a fundamentally important question, as the Big Five represent the major dimensions of covariation among a highly diverse universe of personality questionnaire items derived via sampling from multiple linguistic lexicons (Goldberg, 1990; John, Naumann, & Soto, 2008) and can therefore serve as an atlas onto which finer-grained character traits can be positioned. Investigating the extent to which character measures capture systematic variance unique of the Big Five is necessary for determining whether educational psychologists have identified constructs that can be used to enrich theory, leveraged for the purposes of more accurate assessment and prediction, and/or specifically targeted by new policies and interventions.
Building on the question of genetic and environmental etiology of character, it is important to examine whether the criterion validity of character measures occurs through genetic or environmental pathways. Prominent theoretical models from educational psychology have primarily focused on environmental experiences as the dominant mechanisms for the effects of character on academic achievement. For instance in the Wigfield & Eccles (2000, p. 69) model of academic achievement, "achievement-related experiences" and "socializers' beliefs and behaviors" are two of the focal determinants of variation in character. Environmentally influenced character traits, in turn, are postulated to lead to academic achievement via "choice of achievement tasks, persistence on those tasks, vigor in carrying them out, and performance on them" (p. 68). Similarly, in describing their research on intelligence mindset, Blackwell, Trzesniewski, and Dweck (2007) hypothesized that "many of the important social environmental conditions have an influence [on academic achievement] through the psychology of the child" (p. 259).
Transactional models from behavioral genetics also focus on environments as fundamental to academic achievement, but posit that environments are nonrandomly experienced. According to such models, selection into environments occurs systematically on the basis of individual differences that are themselves genetically influenced, and that the effects of environmental experience therefore serve to differentiate children further by genotype (Scarr & McCartney, 1983; Tucker-Drob, Briley, & Harden, 2013) . To elaborate, children are hypothesized to differ (in part because of genetic differences and in part because of variation in environmental experiences) in their propensities to seek out and engage with educational and intellectual experiences. In other words, character traits act as "experience producing drives" (Bouchard, 1997; Hayes, 1962; Johnson, 2010; Tucker-Drob & Harden, in press; von Stumm & Ackerman, 2013) . For example, a child with a mastery achievement orientation is predicted to seek challenging learning experiences, to evoke these challenging experiences from the individuals (peers, parents, teachers) and institutions (schools) in their proximal environments, and to maintain focus and attention during these challenging experiences. Both genes and environments are expected to influence mastery orientation and other character traits that drive children to select, evoke, and attend to environmental experiences that foster achievement. However, these experiences are hypothesized to have appreciable effects on academic achievement only when they are sustained or recur over long periods of time. As genetic sources of variation in personality are more likely than exogenous sources of environmental variation to exhibit high levels of stability earlier in life (Briley & TuckerDrob, 2015; Dickens & Flynn, 2001; , genetically influenced variation in character is expected to serve as the primary basis for the link between character traits and academic achievement (Johnson, 2010; Tucker et al., 2013; Tucker-Drob & Harden, 2012a,b; Tucker-Drob & Harden, in press) . As put by Hayes (1962) , "inherited motivational makeup influences the kind and amount of learning which occurs." Consistent with these predictions, Tucker-Drob and Harden (2012a) reported that genetic influences on adolescent intellectual interest partially mediated its association with a general factor of academic achievement; and Greven et al. (2009) reported that intellectual self-concept was genetically associated with both concurrent and later achievement independent of intelligence. Luciano, Wainwright, Wright, and Martin (2006) and Wainwright, Wright, Luciano, Geffen, and Martin (2008) reported genetic correlations between academic achievement and intelligence, and facets of Conscientiousness and Openness, respectively. We are not aware of any studies that have performed similar investigations with other popularly used character measures, such as mindset, grit, or mastery orientation.
Finally, although measures of character are often referred to as "noncognitive" on the basis of their conceptual distinction from cognitive ability, research on the criterion validity of many such measures for academic achievement has not commonly controlled for variance that they potentially share with cognitive ability (Tucker-Drob & Harden, in press ). This is important for ruling out the possibility that the relation between character traits and academic achievement stems from "third variable causation," in which cognitive ability causes both academic achievement and character. It is plausible, for instance, that individuals higher in cognitive ability have a greater tendency to view themselves as more intelligent, to hold greater value in education, to be more interested in intellectually engaging experiences, and to be more motivated to perform well in testing situations, even if such beliefs and behaviors do not directly benefit their achievement. Demonstrating that character traits are related to academic achievement above and beyond cognitive ability would suggest a role for This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Method

Participants
Analyses were based on data from an ethnically and socioeconomically diverse population-based sample of 811 third-eighth grade twins and triplets from the Texas Twin Project (Harden, Tucker-Drob, & Tackett, 2013) who participated in an ongoing in-laboratory study of personality, cognitive development, and academic achievement. Participant age ranged from 7.80 to 15.25 years (M ϭ 10.91, SD ϭ 1.75), with the majority of the age distribution falling between ages 8.0 and 14.0 years. Only 2.5% of participants were under 8.0 years of age and only 2.7% of participants were older than 14.0 years of age. The sample was 51.2% female, 61.4% non-Hispanic White, 18.4% Hispanic, 6.9% African American, 3.0% Asian, 1.2% other, 9.1% multiple races or ethnicities. Additionally, 35% of families reported having received a form of means-tested public assistance, such as food stamps, at some time since the twins or multiples were born. Average IQ, as measured by the Wechsler Abbreviated Scale of Intelligence-II  (WASI-II ; Wechsler, 2011), was 103.65 (SD ϭ 14.14) . This sample size is comparable to that of other well-established twin studies of childhood academic achievement, such as the Western Reserve Reading and Math Project (Petrill, Deater-Deckard, Thompson, Dethorne, & Schatschneider, 2006) and International Longitudinal Twin Study (Rhea, Gross, Haberstick, & Corley, 2006) .
Zygosity for same-sex twins was determined by latent class analysis using parents' and examiners' ratings of similarity of a number of specific physical characteristics (e.g., hair texture). Latent class analysis of physical similarity ratings has been found to be more than 99% accurate, as validated by genotyping (Heath et al., 2003) . The sample consisted of 431 unique sibling pairs (380 twin pairs and 51 pairs from triplet sets): 141 pairs (32.7%) were classified as monozygotic (MZ), 147 pairs (34.1%) were classified as same-sex dizygotic (DZ), and 143 pairs (33.2%) were opposite sex DZ.
Measures
Measures consisted of child-self reports of character and personality, an examiner rating of test motivation, and a number of performance-based measures of fluid intelligence, verbal knowledge, and academic achievement. As detailed in Table 1 , sample sizes for individual measures ranged from N ϭ 621 (grit) to N ϭ 810 (spatial relations). Missing data typically resulted from failures to complete all measures or tasks within the allocated time periods during the laboratory visit. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Intellectual interest (need for cognition).
Intellectual interest is curiosity about and desire to engage in intellectually challenging tasks and experiences. This construct has also been labeled "need for cognition" and "typical intellectual engagement" (Goff & Ackerman, 1992; Woo, Harms, & Kuncel, 2007) . Expectancyvalue (EV) theory (Nagengast et al., 2011; Wigfield & Eccles, 2000) holds that an individual's academic achievement is jointly determined by the expectation that the student is capable of learning and achieving (expectancies) and the view that learning and achieving are valuable goals (values). In EV theory, intellectual interest is a value (Wigfield & Eccles, 2000) . Intellectual interest has also been described as the "third pillar" of academic performance (after intelligence and conscientiousness; von Stumm et al., 2011, p. 574) .
To measure intellectual interest, we used a nine-item version of the Need for Cognition Scale adapted for children by Kokis, Macpherson, Toplak, West, and Stanovich (2002) from Cacioppo, Petty, and Kao (1984) . Example items include "I like hard problems instead of easy ones" and "I like to be in charge of a problem that needs lots of thinking." Need for cognition has been shown to be statistically indistinguishable from Goff and Ackerman's (1992) Typical Intellectual Engagement measure (Woo et al., 2007) .
Intellectual self-concept. Intellectual self-concept is an individual's self-perceived intellectual ability. That is, does a child consider herself to be smart and capable of learning? Selfperceived ability, is a key construct in a number of theories of motivation and academic achievement. For example, in EV theory (Wigfield & Eccles, 2000) intellectual self-concept is considered an expectancy about the ability to learn. Similarly, ChamorroPremuzic and Furnham (2004) have hypothesized that intellectual self-concept may predict performance through an "expectancy effect." We assessed intellectual self-concept with the item "I am smart," as well as with six items from the Intellectual Investment subscale of the Multidimensional Achievement-relevant Personality Scale (MAPS; Briley, Domiteaux, & Tucker-Drob, 2014) . Examples include "I quickly get the idea of things," "I am able to find things out by myself," and "I am not full of ideas" (reverse coded).
Mindsets. According to Dweck's (2000 Dweck's ( , 2006 mindsets theory, an entity mindset is the view that intelligence is fixed and difficult to change, and an incremental mindset is the view that intelligence is malleable. Individuals with an entity mindset are predicted to devote less effort toward learning, whereas those who have an incremental mindset are predicted to devote more effort in learning and to therefore exhibit greater academic achievement. Entity and incremental mindsets of intelligence are conceptualized and measured as two ends of a single dimension. We used the same six-item measure developed and routinely used by Carol Dweck. Examples include "You have a certain amount of intelligence, and you really can't do much to change it" (entity mindset) and "You can always greatly change how intelligent you are" (incremental mindset). Data were coded such that higher scores indicated more of an incremental, and less of an entity, mindset.
Effortful persistence (grit). Duckworth, Peterson, Matthews, & Kelly (2007) define grit as "perseverance and passion for long-term goals. Grit entails working strenuously toward challenges, maintaining effort and interest over years despite failure, adversity, and plateaus in progress." They write that "Our hypothesis [is] that grit is essential to high achievement" (pp. 1087-1088). Duckworth et al. (2007) and Duckworth and Quinn (2009) report that, of the Big Five personality traits, Conscientiousness is most strongly related to grit. However, they do report incremental prediction of achievement by grit beyond the Big Five. We used the eight-item Grit Scale for Children (adapted from Duckworth & Quinn, 2009 ), which we obtained from Angela Duckworth's website (https://upenn.box.com/8itemgritchild). Examples include "I finish whatever I begin" and "I often set a goal but later choose to pursue (follow) a different one" (reverse scored).
Achievement goal orientation. Achievement goal theory proposes that the overarching goal of high academic achievement can be bifurcated into two conceptually and empirically distinguishable goal orientations (Kaplan & Maehr, 2007; Meece et al., 2006) . Mastery goal orientation is the motivation to learn for the sake of understanding the material, acquiring knowledge, and improving one's skills. Performance goal orientation is the motivation to excel relative to one's peers, achieve high grades, and avoid being viewed as incompetent or failing. Mastery goal orientation consistently predicts positive academic achievement outcomes, but studies of performance goal orientation have been inconsistent, with some studies reporting positive associations with academic achievement and other studies reporting negative associations with academic achievement (Hulleman, Schrager, Bodmann, & Harackiewicz, 2010; Meece et al., 2006) . Therefore, we focused exclusively on a measure of mastery goal orientation, which we obtained from the five-item Mastery Goal Orientation (Revised) scale from the Patterns of Adaptive Learning Scales (PALS; Midgley et al., 2000) . Example items include "One of my goals in class is to learn as much as I can" and "It's important to me to that I thoroughly understand my class work." Attitudes toward education. Children's beliefs about the relevance of academic achievement for their future success in life may affect the amount of effort that they put into learning and academic achievement. In EV theory, attitudes toward education are considered values that influence whether children invest effort in school success. We used the six-item Skepticism about the Relevance of School for Future Success scale from the PALS (Midgley et al., 2000) . Examples include "Doing well in school doesn't improve my chances of having a good life when I grow up," and "Getting good grades in school won't guarantee that I will get a good job when I grow up." Data were coded such that higher scores indicated lower skepticism.
Test motivation. Researchers employing objective (i.e., performance-based) tests seek to minimize the role of individual differences in test motivation on test scores, in order to obtain pure markers of maximal performance (Cronbach, 1949) . However, rather than interfering with the criterion validity of objective tests, individual differences in test motivation may serve as a mechanism of criterion validity, because motivation during cognitive testing reflects typical levels of motivated and controlled behavior in daily life. In previous work, ratings of motivation from 15-min video recordings of children's behavior during an intelligence test predicted school achievement, as well as employment status, educational attainment, and lifetime criminal convictions in early adulthood (Duckworth, Quinn, Lynam, Loeber, & Stouthamer-Loeber, 2011) . Similarly, a composite measure of "self-control" that included examiner ratings of children's impulsive and inattentive behavior during cognitive and motor testing predicted later school This document is copyrighted by the American Psychological Association or one of its allied publishers.
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performance, health, wealth, and criminal convictions (Moffitt et al., 2011) . For the current project, we asked examiners to make a single rating of how motivated the participant behaved during the assessment: "On the whole, how motivated did the participant appear to do well on the tasks?" (Different examiners were assigned to each member of a twin/multiple set.) The Big Five personality traits. The Big Five personality traits (Openness, Conscientiousness, Extraversion, Agreeableness, and Neuroticism) represent five general dimensions of thinking, feeling, and behaving that are relatively stable across time and context John et al., 2008) . The Big Five traits were not specifically constructed for the purposes of educational research but have often been used to predict educational outcomes. Meta-analysis indicates that the Big Five traits most predictive of academic achievement are Conscientiousness and Openness (Poropat, 2009 ). We measured the Big Five using a child version of the Big Five Inventory (BFI; John et al., 2008) , which we adapted from a version obtained from Oliver John's website (https://www.ocf.berkeley.edu/~johnlab/bfi.php). Example items include "I am someone who is talkative" (Extraversion), "I am someone who is helpful and unselfish with others" (Agreeableness), "I am someone who is relaxed, handles stress well" (Neuroticism, reverse coded), "I am someone who is curious about many different things" (Openness), and "I am someone who tends to be disorganized" (Conscientiousness, reverse coded). The BFI was created specifically with the intention of sampling broadly from the content space of each of the Big Five traits in order to create short scales representing the canonical elements of each factor that save testing time and thus avoid participant boredom and fatigue , issues particularly relevant to research in child samples.
Acquiescence. Acquiescence refers to the tendency of a participant to systematically respond at the upper range ("yeasaying") or lower range ("nay-saying") of a Likert scale, regardless of item content. Acquiescence was computed from the BFI using the method described by Soto, John, Gosling, and Potter (2008) . This was achieved by computing the mean response to 15 pairs of BFI items with opposite implications for personality.
Fluid intelligence. Fluid intelligence (Gf) represents the ability to reason abstractly, and is typically measured using tests that do not explicitly rely on declarative knowledge (Cattell, 1941; Cattell, 1971 Cattell, /1987 Horn, 1965; Tucker-Drob, 2009 ). We measured fluid intelligence with Matrix Reasoning and Block Design from the WASI-II (Wechsler, 2011) , and Spatial Relations adapted from the Woodcock Johnson Tests of Cognitive Abilities-III (Woodcock, McGrew, & Mather, 2001) .
Verbal knowledge. We measured verbal knowledge with the Vocabulary and Similarities tests from the WASI-II (Wechsler, 2011) .
Academic achievement. We measured mathematics achievement with the Calculations test, and reading achievement with the Passage Comprehension test, both from the Woodcock Johnson Tests of Achievement-III (Woodcock, McGrew, & Mather, 2001 ).
Phenotypic Results
All correlations, regressions, factor models, and structural equations models were fit using full information maximum likelihood estimation in Mplus (Muthén & Muthén, 2012) . Phenotypic models corrected standard errors for nesting of individuals within twin and triplet sets (using the TYPE ϭ COMPLEX feature in Mplus).
Descriptive Statistics
Basic descriptive information, including internal consistency, means, standard deviations, and relations with age and sex are reported for all study outcomes in Table 1 . All variables were approximately normally distributed, with the exception of mastery orientation and attitudes toward education, which displayed ceiling effects that could not be corrected via transformation. Using the CENSORED option in Mplus, we fit initial models using Tobit link functions (Tobin, 1958) to correct for these ceiling effects.
Results from this approach were very similar to results of models with no such provisions. Because the Tobit approach is computationally demanding and is difficult to implement in the context of behavioral genetic models, we report results of models that did not implement the Tobit approach.
Internal consistencies for all outcomes were generally in the acceptable-to-very good range (ϳ.6 to .8). That internal consistencies of the self-report measures were not typically in the very high (.9 and above) range can likely be attributed to a combination of the fact that each measure consisted of 10 or fewer items and that most of the measures sampled widely from the range of the content space for the target construct (Little, Lindenberger, & Nesselroade, 1999) . There was a tendency for many of the character measures to have positive relations with age. All subsequent analyses were based on variables residualized for age, sex, and Age ϫ Sex.
Associations Among Character Measures
Correlations among the seven character measures, as well as their correlations with acquiescent responding, are reported in the lower diagonal of Table 2 . It can be seen that the character measures tended to be intercorrelated at between approximately r ϭ .10 and r ϭ .50. The character measures tended not to be strongly or consistently correlated with acquiescence. However, to ensure that the positive manifold of intercorrelations among character measures was not attributable simply to individual differences in the tendency to respond at high versus low areas of the Likert scale, we calculated partial intercorrelations with respect to acquiescence. These are presented in the upper diagonal of Table  2 . It can be seen that the character measures continued to be correlated at between approximately r ϭ .10 and r ϭ .50. Thus, associations among the character measures do not appear to be an artifact of response biases.
Associations Among BFI Scores
Correlations among the five BFI scores, as well as their correlations with acquiescent responding, are reported in the lower diagonal of Table 3 . BFI-Openness and BFI-Neuroticism had appreciable correlations with acquiescence, but as displayed in the upper diagonal of Table 3 , partialing acquiescence did not appreciably alter the interrelations among the BFI scores. As has been previously reported in childhood samples (Soto & Tackett, 2015) , BFI-Openness, BFIConscientiousness, BFI-Extraversion, and BFI-Agreeableness tended to have moderately positive relations with one another and moderately This document is copyrighted by the American Psychological Association or one of its allied publishers.
negative relations with BFI-Neuroticism. BFI-Agreeableness and BFI-Conscientiousness evinced the strongest association (r ϭ .49). BFI-Openness and BFI-Conscientiousness, though positively correlated, were separable (r ϭ .26).
Associations Between BFI Scores and Character Measures
The top portion of Table 4 reports correlations between the BFI scores and the individual character measures. It can be seen that small-to-moderate associations were found between nearly every character measure and each of the BFI scores. Associations were positive for BFI-Openness, BFI-Conscientiousness, BFI-Extraversion, and BFI-Agreeableness, and negative for BFI-Neuroticism. Some of the strongest associations with character measures were evident for BFI-Openness and BFIConscientiousness.
The bottom portion of Table 4 reports standardized multiple regression coefficients from regression models in which each of the character measures was simultaneously regressed on all five BFI scores and on acquiescence. These associations represent incremental relations of each of the BFI scores on each character measure, above and beyond the other BFI scores and acquiescence. Many of the associations are strongly attenuated relative to their values in the top portion of Table 4 . This is predominately the case for associations involving BFI-Extraversion, BFI-Agreeableness, and BFI-Neuroticism. Associations with BFI-Conscientiousness and BFI-Openness remain in the moderate range in many cases.
Associations of Character Measures and BFI Scores
With Fluid Intelligence, Knowledge, and Achievement Table 5 presents correlations between the character and BFI measures and the performance based measures. In general, there was a tendency for smaller associations with fluid intelligence and larger associations with knowledge and achievement. Associations between character and fluid intelligence ranged between nearly zero up to .3 for test motivation, with only four significant correlations. On the contrary, the character measures displayed significant correlations with the achievement and knowledge outcomes in 89% of the pairs. The strongest correlates of achievement and knowledge were need for cognition (rs between .25 and .40), intellectual self-concept (rs between .20 and .35), educational attitudes (rs between .20 and .35), and test motivation (rs between .30 and .50). BFI-Openness was the only BFI measure to significantly correlate with fluid intelligence (r ϭ .21), but its correlations with knowledge and achievement tended to be stronger (rs between .15 and .35). The remaining Big Five scores had modest associations with knowledge and achievement.
Phenotypic Factor Analyses and Associations With the Big Five Personality Factors
Next we were interested in whether a single common factor could capture the interrelations among the seven focal character measures: effortful persistence (grit), intellectual interest (need for cognition), intellectual self-concept, mastery achievement goal orientation, attitudes toward education, intellectual mindset, and Table 6 . It can be seen that all seven factor loadings were statistically significant and moderate in magnitude, ranging from .26 (test motivation) to .75 (need for cognition). The loading for need for cognition was the highest loading by a large margin, indicating that the common character factor is closely related to intellectual curiosity. When controlling for acquiescence (Model 2), standardized factor loadings remained virtually unchanged relative to the model without covarying acquiescence.
Next we were interested in fitting the common factor model while covarying the BFI in addition to acquiescence (Model 3). After accounting for their relations with the Big Five, the interre- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
lations among the character measures were attenuated, such that their standardized loadings on the common factor dropped in magnitude by approximately one third on average. Need for cognition continued to have the highest loading on the common factor, by a large margin. Next, (Model 4) we examined whether we could specify relations with BFI scores to occur exclusively via the common character factor, rather than directly on the individual character measures. While parameter estimates from this model indicated sizable relations between the general character factor and both Openness and Conscientiousness, fit for this model was dramatically worse (Table 7) than for any of the previous models. This result indicates that it is not plausible for associations between the BFI factors and the individual character measures to be mediated entirely through the common character factor. Thus, we fit a data-driven model (Model 5) in which, in addition to specifying relations with BFI scores to occur via the common factor, we allowed for direct paths from the BFI scores to the individual character measures and retained only those that were statistically significant (cf., TuckerDrob, 2013) . This model, which fit the data very well, continued to indicate sizable relations between the general character factor and both Openness and Conscientiousness, while additionally allowing for a handful of more direct associations between individual BFI scores and individual character measures (e.g., between Openness and intellectual self-concept).
The results of Model 5 indicate sizable relations between the general character factor and BFI-Conscientiousness and BFIOpenness. Similarly, the associations presented in Table 4 indicate sizable relations between many of the individual character measures and both BFI-Conscientiousness and BFI-Openness, and the results of Model 3 indicate that shared variation among the character measures is attenuated after controlling for BFI-Conscientiousness and BFI-Openness. Thus, shared variance among the seven character measures may stem from the possibility that many of the measures are hybrids that tap a mixture of latent Conscientiousness and Openness factors. Two predictions arise from this hypothesis. First, we would expect that when BFI-Conscientiousness and BFI-Openness are specified to load on the common character factor (Model 6), loadings should be moderate but, because these two BFI scales are not themselves hybrid measures, model fit should be poor. This is indeed the case. BFI-Conscientiousness and BFI-Openness load on the common character factor at .61 and .52, respectively, but the fit of this model is poor (RMSEA ϭ .089, CFI ϭ .858, TLI ϭ .763).
3 Second, we would expect that when BFI-Conscientiousness and BFI-Openness are included, along with the seven character measures, in an exploratory factor analysis, two factors (representing Conscientiousness and Openness) should emerge, with the character measures, but not the BFI measures, having nontrivial dual loadings on each of the two factors. The Eigenvalues from such an exploratory factor analysis were 3. 244, 1.107, .992, .882, .801, .674, .512, .410, and .378 . The two factor solution (Model 7) has good fit to the data (RMSEA ϭ .044, CFI ϭ .974, TLI ϭ .939), and fits significantly better than the one-factor solution, 2 [8] ϭ 155.719, p Ͻ .0005. 4 All indicators, except for BFI-Openness load on the first factor, for which BFI-Conscientiousness and grit have the largest loadings (Ͼ.70). The variables with the largest loadings (Ͼ.60) on the second factor are BFI-Openness and intellectual self-concept, and several other variables (but not BFI-Conscientiousness) also have nontrivial loadings on this factor. The two factors are correlated at r ϭ .45. Based on these observations, it is sensible to label the first latent factor as Conscientiousness and the second latent factor as Openness. Interestingly, although need for cognition was the character measure with the highest loading on the single common character factor (in Models 1-5), it is the variable with the most even pattern of dual loadings (both loadings ϭ .39) on the latent Conscientiousness and Openness factors. In summary, these results indicate that a single common statistical dimension underlies the pattern of 3 To maintain continuity with Models 2-5, the parameter estimates reported for Models 6 and 7 include controls for acquiescence. Results from models in which acquiescence was not controlled for are very similar to those reported in Table 6 . 4 In the three-factor exploratory factor analysis solution, one of the factors produced had standardized loadings very close to zero for all variables except BFI-Conscientiousness, for which the standardized loading was very far out of bounds (Ͼ2.0). This was the case regardless of whether Geomin or Promax rotation criteria were specified. We therefore considered this solution uninterpretable. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
covariation between the seven character measures, and that this dimension represents a mixture of both Conscientiousness and Openness. Including purer measures of Conscientiousness and Openness from the BFI in an exploratory factor analysis along with the character measures enables the multivariate system to be separated into its (moderately correlated) Big Five personality components: Openness and Conscientiousness.
Associations Between the Character Factors and Academic Achievement and Verbal Knowledge
We next explored relations between the character factors and both academic achievement and verbal knowledge. To ensure that relations with both fluid intelligence and achievement were not driven by examiner ratings of motivation during the in-lab assessment (which could be colored by actual test performance), we excluded motivation from this set of analyses. We examined relations involving the general character factor extracted from the remaining six character measures using confirmatory structural equation modeling. We also examined relations involving the latent Openness and Conscientiousness factors extracted from the same six character measures, along with BFI-Openness and BFIConscientiousness, using exploratory structural equation modeling (Asparouhov & Muthén, 2009 ). Fluid intelligence (Gf) was modeled as a latent variable, with spatial relations, block design, and matrix reasoning as indicators. For verbal knowledge/academic achievement, we fit models to each variable individually, and we also fit a model in which all four knowledge/academic achievement measures loaded on a latent knowledge/academic achievement factor.
Results are presented in Table 8 . The general character factor was moderately related to all measures of knowledge/academic achievement (all rs ϳ .35), and somewhat more strongly related to the latent knowledge/academic achievement factor (r ϭ .47). In the two-factor model of character, the Openness factor was moderately related to all measures of academic achievement (rs ranged from .26 to .39) and more strongly related to the latent knowledge/ academic achievement factor (r ϭ .48), but the Conscientiousness factor was only modestly related to achievement variables (rs ranged from .11 to .28) and the latent knowledge/academic achievement factor (r ϭ .16), The fluid intelligence factor was strongly related to the measures of knowledge/academic achievement (all rs ϳ .50) and even more strongly related to the latent Note. AIC ϭ Akaike information criterion; BIC ϭ Bayesian information criterion; RMSEA ϭ root mean square error of approximation; CFI ϭ comparative fit index; TLI ϭ Tucker-Lewis index. Scaling factors must be implemented to obtain accurate p-values when conducting chi-square difference tests. Because they are not based on all of the same variables, the fit indices for Models 1 and 2 cannot be directly compared to one another or to Models 3 through 7. Similarly, the fit indices for Models 3, 4, and 5 cannot be directly compared to those for Models 6 and 7. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
knowledge/academic achievement factor (r ϭ .71; cf., Deary, Strand, Smith, & Fernandes, 2007) . The general character factor was significantly, but only modestly, related to fluid intelligence (r ϭ .22). In the two-factor model of character, the Openness and Conscientiousness factors were also rather modestly related to fluid intelligence (rs ϭ .272 and .078, respectively). Partialing fluid intelligence did not appreciably attenuate correlations between the character factors and knowledge/academic achievement. In sum, results of these analyses indicated that the character factor is moderately related to academic achievement, even after controlling for fluid intelligence and the Big Five. We tested whether the general character factor fully mediated the associations between the individual character variables and achievement/knowledge. To test mediation, we fit the same models used to generate the estimates reported in Table 8 , but allowed for correlated residuals between each individual character variable (with the exception of need for cognition) and each achievement/ knowledge criterion.
5 Very few of these correlated residuals were statistically significant, and they were generally small in magnitude. The character variables that had the most consistent residual correlations with achievement/knowledge outcomes were attitudes toward education (the residual correlations were ϳ .10 to .20) and mastery orientation (the residual correlations were ϳ Ϫ.07 to Ϫ.25). This indicates that attitudes toward education are related to achievement/knowledge outcomes above and beyond mediation by the common character factor and that mastery orientation is less related to achievement/knowledge than would be expected on the basis of its relation to the common character factor. Importantly, in these analyses, the correlations between the common character factor and the achievement/knowledge criterion variables were extremely similar in magnitude to those reported in Table 8 . For instance, in the model with correlated residuals, the correlation between the common character factor and the knowledge/achievement factor was .48 (compared to .47 in the model without correlated residuals). Overall, then, it is the variation in each character measure that is shared with the other character measures, rather than its unique variance, that drives its relation with achievement/ knowledge.
Behavioral Genetic Results
We were next interested in estimating the magnitudes of genetic and environmental influences on both the common and unique variation in the seven character variables. Our behavioral genetic models were fit as multigroup models that identified latent genetic and environmental variance components using differences in the patterns of intraclass correlations between MZ twins (who share nearly 100% of their genes) and DZ twins (who share approximately 50% of their segregating genes, on average). When the intraclass correlation on a phenotype (e.g., a character measure) is larger in MZ twins than it is in DZ twins, genetic variation is inferred to influence variation in the phenotype. When the intraclass correlation for twins raised together (regardless of zygosity) is larger than can be explained by the estimate of genetic influence alone, shared environmental variation is inferred. Nonshared environmental variation is inferred when MZ twins reared together (who are perfectly matched on both genes and objectively shared environments) are not perfectly similar to one another on the phenotype. The multivariate behavioral genetic models rely on this same logic, but also capitalize on differences in the magnitude of cross-twin, cross-variable correlations between zygosities (e.g., the correlation between Phenotype A in Twin 1 and Phenotype B in Twin 2). For instance, when the cross-twin, cross-variable correlation is larger in MZ twins than in DZ twins, one infers that the same genes influence both phenotypes.
Before formally fitting behavioral genetic models, we examined the pattern of correlations in monozygotic twins, same-sex dizygotic twins, and opposite sex dizygotic twins. This step is essential because DZ twins, but not MZ twins, can differ in sex. Because all variables were already residualized for age, sex, and Age ϫ Sex, mean sex differences are prevented from distorting behavioral genetic parameter estimates. However, if the genes or environments relevant to the phenotypes of interest differ by sex, the observed similarity of opposite-sex DZ twins on those phenotypes will be diminished, potentially leading to an overestimation of genetic effects. This potential concern can be detected if oppositesex DZ twins systematically display lower intraclass correlations on the phenotypes of interest compared to same-sex DZ twins. Table 9 reports intraclass correlations for the character and BFI variables broken down by MZ, same-sex DZ, and opposite-sex DZ twins. The patterns of DZ correlations are similar across same-sex and opposite sex DZ pairs: Opposite sex pairs do not have lower average intraclass correlations on either the character measures or the BFI measures compared to same-sex DZ pairs. Therefore, we combine these observations in further analyses. Additionally, MZ twins display stronger intraclass correlations for all character and BFI measures, indicating genetic effects. Finally, there does not appear to be any familial resemblance (either genetic or shared environmental) on acquiescent responding: intraclass correlations for acquiescence are all very close to zero for all zygosity types.
Behavioral Genetic Factor Models of Character
We fit common pathway models to decompose variation into genetic and environmental variation occurring on the common character factor and genetic and environmental variation occurring on the variable-specific unique factors. We fit these behavioral genetic models both to a common factor of the seven character measures and to the two-factor (Openness and Conscientiousness) exploratory factor analysis solution that emerged when BFIOpenness and BFI-Conscientiousness variables were included along with the seven character measures. This oblique exploratory factor model was specified in the context of a confirmatory structural equation model using the method described by Jöreskog (1969) , in which one anchor indicator per factor is specified to have a loading of 0 on the other factor (we chose BFI-Openness and BFI-Conscientiousness as the anchor indicators for the latent Openness and Conscientiousness factors respectively). For both 5 In order to identify this model, which resembles the well-studied MIMIC (multiple indicator multiple cause) model (Muthén, 1989) , the number of pathways between (latent and manifest) character variables and each knowledge/achievement criterion variable cannot exceed the number of manifest character variables. Therefore, because we retained the pathway from the latent character factor to the criterion variables, we needed to choose a pathway from a manifest character variable to exclude. We chose to exclude the pathway from Need for Cognition because its loading on the latent character factor was the highest, and hence it served as a sensible reference variable. This document is copyrighted by the American Psychological Association or one of its allied publishers.
the single-factor model and the two-factor model, we fit three versions of the common pathway model: an ACE model that allowed for Additive Genetic (A), Shared Environmental (C), and Nonshared Environmental (E) factors; an ADE model that allowed for Additive Genetic (A), Dominance (i.e., nonadditive) Genetic (D), and Nonshared Environmental (E) factors; and an AE model that only allowed for Additive Genetic (A) and Nonshared Environmental (E) factors. For the two-factor model, we allowed the biometric components of the latent Openness and Conscientiousness factors to correlate with one another. All behavioral genetic models corrected standard errors for the nesting of pairs within triplet sets (using the TYPE ϭ COMPLEX feature in Mplus). Standardized parameter estimates for all three common pathway models of the general character factor are reported in Table 10 , and corresponding model fit statistics are reported in the top portion of Table 11 . All models fit acceptably well in terms of RMSEA, CFI, and TLI, with both Akaike information criterion (AIC) and Bayesian information criterion (BIC) comparisons favoring the AE version, depicted as a path diagram in Figure 1 . All models indicated that the character factor was ϳ69% heritable (for AE and ACE models, the A path was .83, which when squared yields a heritability estimate of .69; for the ADE model, the sum of the squared A and D paths yields a heritability estimate of .68), with the remaining 31% to 32% of variance attributable to the nonshared environment. There was very little evidence for shared environmental variation in the character measures at either the level of the common factor or variable-specific unique factors. There was evidence for variable-specific genetic and nonshared environmental contributions. In the preferred AE model, variable-specific genetic contributions occurred for all variables except for need for cognition. In other words, genetic influences on need for cognition were entirely mediated by genetic influences on the common character factor, whereas genetic influences on the other six character measures were only partially mediated by the common character factor.
Standardized parameter estimates for all three common pathway models of the two factor (Openness and Conscientiousness) exploratory factor analysis of the seven character measures, BFIOpenness, and BFI-Conscientiousness, are reported in Table 12 , and corresponding model fit statistics are reported in the bottom portion of Table 11 . All models fit acceptably well in terms of RMSEA, CFI, and TLI, with both AIC and BIC comparisons favoring the AE version, depicted as a path diagram in Figure 2 . In the preferred AE model, the latent Openness factor is 48% heritable, and the latent Conscientiousness factor is 57% heritable. The correlation between the A components for the latent Openness and Conscientiousness factors is .47, and the correlation between the E components of these factors is .33, indicating moderate genetic and environmental overlap between the two traits. There was very little evidence for shared environmental variation at either the level of the common factor or variable-specific unique factors. There was evidence for variable-specific genetic and nonshared environmental contributions.
Behavioral Genetic Models of Associations Between Fluid Intelligence, the Character Factors, Academic Achievement, and Verbal Knowledge
We were next interested in estimating the extent to which the associations between the character factors and knowledge/achievement were mediated by genetic and/or environmental factors. We performed two sets of analyses: one set with the general character factor, and a second set with the latent Openness and Conscientiousness factors. For the first set of analyses, we performed Cholesky decompositions in which the latent fluid intelligence factor was entered as the "upstream" variable, the general character factor was entered as the first "downstream" variable, and verbal knowledge/academic achievement was entered as the final "downstream" variable. These decompositions estimated paths to knowledge/academic achievement from genetic and environmental influences on the common character factor that are independent of fluid intelligence. This approach resembles a standard regression analysis in which the covariate (i.e. fluid intelligence) is controlled to estimate the unique effect of the predictor (i.e., the character This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
factor). The models additionally estimated the magnitudes of genetic and environmental influences on knowledge/academic achievement unique of both the character factor and fluid intelligence. For the second set of analyses, we regressed verbal knowledge/academic achievement onto the biometric components of both latent Openness and latent Conscientiousness (which were themselves allowed to correlate), and we regressed verbal knowledge/academic achievement, latent Openness, and latent Conscientiousness onto the biometric components of fluid intelligence. The biometric components of latent Openness, and latent Conscientiousness were allowed to correlate with one another. Thus, in this second set of analyses, the paths to knowledge/academic achievement from genetic and environmental influences on latent Openness and latent Conscientiousness are independent of fluid intelligence, and of one another. We fit models individually to each individual knowledge/academic achievement variable, in addition to a model in which knowledge/academic achievement was modeled as a latent factor. To ensure that relations between the character factors and both fluid intelligence and achievement were not driven by examiner ratings of motivation during the in-lab assessment (which could be colored by actual test performance), we excluded test motivation from this set of analyses. As an extensive body of previous behavioral genetic research has established nontrivial shared environmental contributions to both intelligence and academic achievement in childhood and adolescence (Plomin, DeFries, Knopik, & Neiderheiser, 2013; Tucker-Drob et al., 2013) , we modeled fluid intelligence and academic achievement with ACE components. Because the earlier-reported analyses indicated no shared environmental influences on the character factors, we modeled the character factors with AE components and did not allow for cross-paths from C components of fluid intelligence to the character factors. Parameter estimates from the first set of biometric decompositions (those involving the single general character factor) are reported in the top portion of Table 13 . Genetic influences on fluid intelligence were modestly associated with the general character factor, and strongly associated with knowledge/academic achievement. Of key interest are the cross-paths from the genetic and environmental components of the character factor (unique of fluid intelligence) to knowledge/academic achievement. In can be seen that genetic cross-paths were appreciable in magnitude and statistically significant, and the environmental cross-paths were trivial in magnitude and nonsignificant. Fluid intelligence and character explained a large portion of variance in each index of knowledge and achievement, with the latent achievement/knowledge factor possessing no significant residual genetic or environmental vari- Note. AIC ϭ Akaike information criterion; BIC ϭ Bayesian information criterion; RMSEA ϭ root mean square error of approximation; CFI ϭ comparative fit index; TLI ϭ Tucker-Lewis index. Scaling factors must be implemented to obtain accurate p-values when conducting chi-square difference tests. The single factor models and the two factor models are based different sets of variables (the two factor models included BFI-Openness and BFI-Conscientiousness in addition to the seven character measures), so their fits cannot be directly compared. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ance (significant residual variance was, however, observed at the level of the individual indicators).
To help visualize these key finding, parameter estimates from the Cholesky decomposition of fluid intelligence, the character factor, and the latent knowledge/academic achievement factor are depicted as a path diagram in Figure 3 . Dashed lines represent nonsignificant paths, and solid lines represent significant paths. The estimates in red and blue represent the key parameters of interest: the cross-paths from the genetic and environmental components of the character factor (unique of fluid intelligence) to knowledge/academic achievement. The genetic component of fluid intelligence is statistically associated with variation in the latent character and knowledge/achievement factors. Even after controlling for fluid intelligence, the genetic component of character is still associated with variation in the knowledge/achievement factor. However, the environmental component of character is not associated with variation in the knowledge/achievement factor. Finally, variance that is unique to the knowledge/achievement factor is small in magnitude and nonsignificant.
These results can also be illustrated by calculating contributions of genetic and environmental factors (both shared with and unique of fluid intelligence) to the overall association between the general character factor and the knowledge/achievement factor. In other words, the parameter estimates can be used to decompose the correlation between character and knowledge/academic achievement into four parts: genetically mediated contributions incremental to fluid intelligence, genetically mediated contributions shared with fluid intelligence, environmentally mediated contributions incremental to fluid intelligence, and environmentally mediated contributions shared with fluid intelligence. The sum of the four independent contributions is the model-implied phenotypic correlation.
6 Figure 4 presents these results with genetic effects represented in red and environmental effects represented in blue. Solid colors represent effects unique to character and cross-hatched colors represent effects shared with fluid intelligence. Consistent with the phenotypic results presented earlier, the model-implied phenotypic correlation between character and the achievement/ knowledge variables is approximately .35, and the model-implied phenotypic correlation between character and the achievement/ knowledge factor is approximately .45. Two findings are of particular note. First, genetically mediated contributions to the association are substantially larger than environmentally mediated contributions. Second, the largest portion of the genetically mediated contribution is incremental to fluid intelligence (an average of 3.6 times larger than the contribution from genetic effects shared with fluid intelligence).
Parameter estimates from the second set of biometric decompositions (those involving the latent Openness and Conscientiousness factors) are reported in the bottom portion of Table 13 . Genetic, but not environmental, influences on fluid intelligence are modestly associated with latent Openness, whereas environmental, but not genetic influences, on fluid intelligence are modestly associated with latent Conscientiousness. Of key interest are the cross- This document is copyrighted by the American Psychological Association or one of its allied publishers.
paths from the genetic and environmental components of the latent Openness and Conscientiousness factors (unique of fluid intelligence) to knowledge/academic achievement. For all achievement outcomes, except for math, the only statistically significant instances of these cross-paths are those stemming from the genetic component of latent Openness. Neither the environmental component of latent Openness nor the genetic and environmental components of latent Conscientiousness are significantly associated with reading, vocabulary, or similarities. The exception is the small, yet significant, nonshared environmental link between the environmental component of latent Openness and math. Note that the biometric components of latent Openness and latent Conscientiousness were specified to correlate with one another in this analysis, such that their effects on achievement are independent of one another. In other words, we did not perform a Cholesky decomposition of the latent Openness-latent Conscientiousness relationship, which would have required that the biometric components of one latent variable be given priority over the other in predicting achievement. In summary, these results indicate that the earlier-reported links between the general character factor and achievement are likely driven by the component of the general character factor that taps genetic variation in Openness. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
To help visualize these finding, parameter estimates from the behavioral genetic decomposition of fluid intelligence, latent Openness, latent Conscientiousness, and the latent knowledge/ academic achievement factor are depicted as a path diagram in Figure 5 . Dashed lines represent nonsignificant paths, and solid lines represent significant paths. The red and blue paths represent the key parameters of interest: the cross-paths from the genetic and environmental components of the latent Openness and Conscientiousness factors (unique of fluid intelligence) to latent knowledge/ academic achievement. It can be seen that, even after controlling for fluid intelligence, the genetic component of latent Opennessbut neither genetic nor environmental components of latent Conscientiousness-is associated with variation in the knowledge/ achievement factor.
Behavioral Genetic Models of Associations between Fluid Intelligence, Individual Character Measures, and Academic Achievement and Verbal Knowledge
As a final set of analyses, we estimated the association between the individual character and Big Five personality measures and the knowledge/achievement factor following a similar analytical approach as in the previous section. We focused specifically on the knowledge/achievement factor, rather than also running analyses separately for each knowledge/achievement variable, in order to avoid reporting an excessive number of results. Results from these analyses are presented in Table 14 , and the pattern of associations largely matches that found in Table 13 . Specifically, genetic effects on fluid intelligence are minimally associated with the character or BFI measures. Statistically significant effects are only found for need for cognition, educational attitudes, test motivation, and BFI-Openness with average standardized parameters of .21. Genetic effects on fluid intelligence were also associated with variance in achievement/knowledge in every model. Even after controlling for fluid intelligence, genetic variance in each character variable was associated with achievement/knowledge. At the same time, none of the character variables displayed a significant nonshared environmental association with achievement. Turning to the BFI scales, BFI-Openness, BFI-Conscientiousness, and BFIAgreeableness had significant genetic associations with achievement/knowledge. Figure 6 presents these effects as decomposed model-implied correlations. Similar to Figure 4 , two results are particularly noteworthy for the character variables. First, in every case genetically mediated effects are substantially larger than environmentally mediated effects. On average, genetically mediated effects were approximately 19 times larger than the absolute value of the environmentally mediated effects. Second, the largest portion of the genetically mediated contributions was incremental to fluid intelligence. On average, genetic contributions incremental to fluid intelligence were approximately 3 times as large as the absolute value of the environmentally mediated effects.
Turning toward the BFI scales, BFI-Openness, BFI-Conscientiousness, and BFI-Agreeableness each had unique genetic associations with achievement/knowledge. Similar to character, associations between the BFI scales and knowledge/achievement were primarily due to genetically mediated effects incremental to fluid intelligence. BFI-Openness showed sizable genetically mediated correlations with knowledge/achievement. BFI-Conscientiousness, BFIExtraversion, BFI-Agreeableness, and BFI-Neuroticism tended to This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
have smaller genetically mediated associations with achievement. Acquiescence showed essentially no genetic or environmental association with achievement/knowledge.
Discussion
Using data from a genetically informative sample of 3rd to 8th grade twins, we investigated how a variety of character variables that are commonly implemented in educational research relate with one another, with fluid intelligence, and with academic achievement and verbal knowledge. The seven character variables that we examined were diverse in their content, with some (e.g., grit) representing the tendency to work toward goals over long stretches of time, others (e.g., need for cognition and mastery orientation) representing the enjoyment of learning and desire to learn, and yet others representing attitudes toward education and self-appraisals of ability. All character measures examined were positively interrelated, and a common factor captured this pattern of covariation very well. This factor was moderately related to indices of both Openness and Conscientiousness personality traits, as measured from the Big Five Inventory (BFI). When BFI- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Openness and BFI-Conscientiousness were included in an exploratory factor analysis along with the seven character measures, two correlated factors-representing Openness and Conscientiousness-emerged. BFI-Conscientiousness and grit loaded substantially on the latent Conscientiousness factor, and BFI-Openness and intellectual self-concept loaded substantially on the latent Openness factor. The remaining character measures tended to have moderate loadings on both the latent Conscientiousness and latent Openness factors (themselves positively correlated at r ϭ .45). These results indicate that individual character measures commonly used in educational research tend to tap a mixture of both Openness and Conscientiousness, such that the single general factor underlying the measures represents a hybrid of both of these Big Five personality traits. The general character factor was 69% heritable, with the remaining 31% of variance attributable to the nonshared environment. Latent Openness and Conscientiousness factors were 48% and 57% heritable, respectively, with the remaining variance in each factor (52% and 43% for latent Openness and Conscientiousness, respectively) attributable to the nonshared environment. At the variable-specific level, nonshared environmental influences unique of the factors were stronger, but specific genetic influences were also evident on a number of measures. There was very little evidence for shared environmental influences at either the variable-specific or common factor levels. That is, children raised in the same home did not resemble each other in their character dimensions beyond what could be attributed to genetic similarity. This finding of zero shared environmental variance might be particularly surprising, in light of popular theories of the development of child academic motivation, interest, and value (e.g., Dweck, 2006; Meece et al., 2006; Wigfield & Eccles, 2000) , which have largely focused on the role of parenting and school factors, with relatively little consideration of genetic sources of variation. It is certainly possible that parents or schools could affect the development of character; however, our results indicate that such effects are not operating to make children raised together more similar to one another. Rather, to the extent that such home or school experiences affect children's character, such experiences serve to differentiate the character of children raised together, either because children raised together encounter different experiences with their parents, peers, and schools, or because they respond to the same experiences in different ways. Additionally, behavioral genetic results are based on observed (i.e., naturally occurring) variation in character. Consequently, these results do not inform the question of whether interventions or policies that have yet to be implemented, did not naturally occur for children in the current sample, or were universally experienced by all children in the sample could potentially make children raised together more similar in their character.
We found that genetic, but not environmental, variation in character accounts for the associations between character and both academic achievement and verbal knowledge. This held regardless of whether character or achievement was operationalized with individual variables or latent factors. This finding is consistent with transactional theories of gene-environment correlation (Tucker-Drob & Harden, in press; Tucker-Drob et al., 2013) . According to such theories, individuals differentially select, evoke, and attend to educationally relevant learning experiences on the basis of their This document is copyrighted by the American Psychological Association or one of its allied publishers.
genetically influenced talents, dispositions, and proclivities toward learning. These learning experiences, in turn, are predicted to affect their knowledge and academic achievement, as well as to reinforce the dispositional tendencies that led a child into the environmental experiences. Environmental experiences will have the strongest effects on learning when those experiences are systematic and sustained. Therefore, because genetic influences on dispositions are relatively consistent over long periods of development, whereas nongenetic sources of variation are more fleeting , transactional models predict that genetically influenced variation in character will ultimately be the most relevant for academic achievement (Tucker-Drob & Harden, in press; Dickens & Flynn, 2001) . Consistent with this prediction, genetically influenced variation in character-but not environmentally influenced variation-was positively associated with multiple measures of academic achievement and verbal knowledge. Interestingly, in the two-factor model of latent Openness and Conscientiousness factors, it was primarily genetic variance in latent Openness, and neither genetic nor environmental variance in latent Conscientiousness that was responsible for links with academic achievement and verbal knowledge. This may indicate that aspects of character that are associated with interest and desire to learn may be stronger drivers of academically relevant transactional processes than aspects of character associated with diligence and hard work.
Character and Personality Development Considered
In the rapidly expanding body of research on child personality development, it has become clear that some of the established truths regarding adult personality structure simply do not apply to childhood personality structure. In a recent review, Soto and Tackett (2015) report consistent evidence for a "substantial positive relation between conscientiousness and openness, two personality dimensions that are quite distinct in adults" (p. 359). They indicate that such results can be interpreted as evidence for "a higher-order self-regulation trait . . . representing the general capacity to regulate both social and taskrelated impulses" or as "an overarching mastery-orientation trait (combining intellectual curiosity with work ethic)" (Soto & Tackett, 2015, p. 359) . Our results are consistent with this hypothesis in that we find coherence among several diverse educationally relevant measures of character, some of which (e.g., need for cognition) tap intellectual curiosity and others of which (e.g., grit) tap work ethic. Moreover, we found that the common dimension underlying covariation in these character measures was considerably related to both BFI-Openness and BFI-Conscientiousness. When BFI-Openness and BFI-Conscientiousness were included along with the character measures in an exploratory factor analysis, we were able to extract latent Openness and Conscientiousness factors that correlated at r ϭ .45, with many character measures loading moderately on both factors. Thus, our findings confirm previous observations that individual differences in attitudes and effort put toward learning cohere moder- This document is copyrighted by the American Psychological Association or one of its allied publishers.
ately in childhood. An outstanding question is whether this phenomenon is tied to the massive amounts of time that are spent actively engaged in formal education during childhood. The current results indicate that common measures of character thought to influence child achievement are substantially related to the Big Five personality traits and influenced by genetic effects. These results align measures of character with other psychometric features commonly attributed to personality traits. Another feature commonly associated with personality traits, stability over time, has also been reported to apply to many measures of character (e.g., 1-year stability of .68 for grit [Duckworth & Quinn, 2009 ], 7-month stability of .86 for latent academic self-concept [Marsh, Byrne, & Yeung, 1999] , 2-year stability of .63 for positive attitudes toward school [Green et al., 2012] ). Together, these results indicate that what are commonly referred to as character, "noncognitive" skills, or other socially/educationally defined child factors, function in the world much in the same way as personality traits. Put differently, features of character may represent educationally contextualized stable patterns of thinking and behaving that are genetically influenced and linked with academic achievement. In an effort to maximize cross-situational consistency, measures of the Big Five attempt to remove contextual features of behavior and reflect very broad individual differences domains. The measures of character examined in this article appear to tap more narrow facets of personality specifically designed to assess educationally relevant features. Such features hold great promise for personality researchers, because numerous studies document the importance of facet level variation in traditional Big Five scales (i.e., incremental prediction above and beyond the Big Five themselves). They may even help to direct intervention-oriented researchers to psychological targets of particular importance for educational contexts. At the same time, it is important to keep in mind that character traits may not be "silver bullets." Indeed, character traits share many of the definitional features of, and are correlated with, traditional personality traits.
Limitations, Considerations, and Future Directions
Our results should be considered with some limitations and considerations. First, our approach relies on the same assumptions and limitations that are typical of the classical twins-rearedtogether design (see, e.g., Bouchard & McGue, 2003 , for an overview). For instance, we were unable to simultaneously model both nonadditive and shared environmental effects. While we did not find strong evidence for either nonadditive or shared environmental effects in separate ACE and ADE models of character, it is conceivable that the two effects could be masking one another. More direct means of evaluating shared environmental effects can be achieved, for example, in adoption studies in which genetically unrelated close-in-age children are raised together as siblings from an early age. Future work would do well to incorporate measures of character into such a design.
Second, six of the seven character measures and all five of the Big Five indices that we implemented were based on child selfreports. Self-reports are generally known to have the potential to suffer from biased reporting (Paulhus & John, 1998) , and this This document is copyrighted by the American Psychological Association or one of its allied publishers.
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problem has the potential to be more severe in childhood samples. That said, other methods of assessing personality such as informant report are not without their own limitations, and there is a growing body of psychometrically rigorous literature that takes child self-reports seriously as an informational source for personality (Soto & Tackett, 2015) . In order to mitigate against potential self-report biases, we implemented measurement scales specially designed for use with children and that have an appropriate reading level. Many of these scales, such as those assessing mindsets or educational attitudes, are frequently used in educational research with children similar in age to those in the current sample. Further, we calculated an index of acquiescent responding using an established method. This index was not strongly related to any of the measures, and controlling for acquiescence had a very minimal impact on any of the results, implying that response sets are unlikely explanations for our findings. Thus, we believe that the results reported are robust to measurement artifacts associated with the childhood age range sampled. Moreover, given that many of the self-report measures used here are already so widely implemented in research in grade school populations, the associations documented here provide valuable information to the research community, irrespective of the accuracy or construct validity of the measures themselves. Third, based only on the results of the current (cross-sectional) study, we are unable to distinguish between the effects of character on achievement and the effects of achievement on character. Longitudinal studies, which help to clarify issues concerning direction of effects, have supported the existence of effects in the direction from some specific character dimensions (e.g., intellectual self-concept) to academic achievement, often coinciding with reciprocal effects from achievement to character (see Tucker-Drob & Harden, in press, for a review). Future work should employ longitudinal, behavioral genetic methods to a multivariate assessment of character in order to test bidirectional effects between achievement and a broader constellation of character traits than has previously been examined. Fourth, our results do not contradict the possibility that different character measures affect one another via cascading processes. For Figure 6 . Barplot representing correlations between the character/BFI scores and the latent achievement/ knowledge factor. The sum of the paired red (i.e., genetically mediated contribution) and blue (i.e., environmentally mediated contribution) bars represents the model-implied phenotypic correlation. The cross-hatched portions of the red and blue bars represent genetic and environmental contributions to associations between character and achievement shared with fluid intelligence. The solid portions of the red and blue bars represent genetic and environmental contributions to associations between the character and achievement incremental to fluid intelligence. Shared and incremental effects sum to the total genetic and environmental effects. For instances in which the shared and incremental effects were in opposite directions, the aggregated effect is displayed. See the online article for the color version of this figure.
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example, having an incremental theory of intelligence might lead one to pursue a mastery goal orientation toward learning, which, in turn, might lead to valuing education more highly (Dweck & Leggett, 1988) . Indeed, transactional models of development highlight bidirectionality, not simply between children's psychological characteristics and their environments, but also among children's psychological characteristics (Tucker-Drob & Harden, 2012a) . Such corresponsive processes have received much attention in theories of personality development (e.g., Roberts, Wood, & Caspi, 2008) and have been found, when formally modeled, to plausibly lead to the statistical emergence of common factors (Dickens, 2007; Schmittmann et al., 2013; Van der Maas et al., 2006) . The factors identified in the current project may represent biologically or psychologically coherent entities, or they may represent statistical dimensions that emerge from a dynamical system. Finally, it is important to emphasize that even though we found evidence for common factors underlying the measures examined, this does not mean that the common factors are the only aspect of character of interest or import. To the contrary, the majority of variation in the individual character measures (approximately two thirds on average) was not accounted for by the common factors. Moreover there was significant measure-specific genetic influence on nearly all character measures examined. Thus, the fact that statistical dimensions can be extracted from the multivariate system of character measures examined in the current article does not in any way undermine the importance of considering the unique aspects of each of the character measures considered.
Conclusions
In conclusion, the current article represents the first systematic, multivariate investigation of a broad variety of character measures and academic achievement using a genetically informative design. Results indicated moderate relations between the character measures and both one another and the Big Five. Although popular theories in educational psychology have focused on families and schools as the primary sources of variation in motivation, selfevaluations, interests, and values and their effects on outcomes, there was very little evidence for shared environmental influences on character at the level of either the general factor or the more specific character variables. Furthermore, there was limited evidence that environmentally influenced variation in character was related to children's academic achievement or verbal knowledge. Rather, genetic variation in children's propensities toward an interrelated set of academically oriented patterns of thinking, feeling, and behaving are related to differences in acquired knowledge and academic achievement. The measures of "character" examined here may be best conceptualized as indexing facets of personality that are of particular relevance to academic achievement.
